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Fig. S1. Fabrication process of microswimmers. Fig. S2 . Optical microscope image of an uncoated microswimmer floating in water. Fig. S3 . Experimental distribution of the resonant frequency of microswimmers and theoretical calculation. Fig. S4 . Characterization of the resonant frequencies of a small microswimmer (a = 1 μm). Fig. S5 . Schematic of the response of an uncoated microswimmer in the fluidic chamber. Fig. S6 . HeLa cell viability assay. Fig. S7 . Scanning electron microscopy image of tailed microswimmers. Fig. S8 . Measurement of the acoustic pressure with a hydrophone at a distance of ~13 mm from the surface of the silicon wafer, the input voltage was 10 Vpp. 
Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/5/10/eaax3084/DC1) Movie S1 (.mp4 format). The self-rotation of a microswimmer responding to an acoustic field. Movie S2 (.mp4 format). The magnetic field-initiated steerable translational motion of a microswimmer. Movie S3 (.mp4 format). An individual microswimmer traveled different distances in 2 s under the same acoustic pressure but with different tilt angles. Movie S4 (.mp4 format). Two microswimmers were propelled independently in the mixture by changing the direction of a magnetic field. Movie S5 (.mp4 format). Separation of two adjacent silica particles with the microswimmer in its pushing mode. Movie S6 (.mp4 format). Transport of particles with the microswimmer in its pulling mode. Movie S7 (.mp4 format). Patterning particles in the shapes of letters PSU by a microswimmer. Movie S8 (.mp4 format). A microswimmer climbing up and down a stairway. Movie S9 (.mp4 format). A tailed microswimmer free swimming in 3D. .
Fig. S6. HeLa cell viability assay. (A) Fluorescent images of Calein-AM stained
HeLa cells before and 1 hour after manipulation by a microswimmer. Cells labeled by numbers 1, 2, 3, and 4 in the images were transported to new locations by the microswimmer and did not leak dye within 1 hour. (B) Comparison of the greenfluorescent intensity of HeLa cells that were manipulated by micoswimmers and a control group that was not exposed to the acoustic field. The statistical results are based on measurements of 10 cells. The manipulation by microswimmers does not cause a significant change in the green fluorescent intensity.
. Fig. S7 . Scanning electron microscopy image of tailed microswimmers. Fig. S8 . Measurement of the acoustic pressure with a hydrophone at a distance of ~13 mm from the surface of the silicon wafer, the input voltage was 10 Vpp.
Fig. S9. Simulated and experimental streaming patterns. (A)
Simulation of the acoustic streaming pattern when the particle is far away from solid boundaries. The surface plot represents the acoustic pressure that is generated by the oscillating interface (red dash line). (B) The trajectories of 2 m silica tracer particles around a fixed microswimmer oriented parallel to the substrate. The streaming pattern indicated by these trajectories is consistent with the simulation.
Resonant frequency estimation
For an air bubble trapped in a millimeter-size tube, its resonant frequency can be estimated by the equation (22) 0 = 1 2 ( 0 ( − ) ) 1 2 ⁄ (S1) Where ~1.4 is the adiabatic index, is the liquid density, 0 is the undisturbed pressure in the bubble, is the length of the bubble and is the total length of the tube.
However, the surface tension between the water and air interface, which has not been considered in the equation, becomes significant as the bubble size decreases to a few microns (30). To estimate the effect of surface tension on the resonant frequency of the bubble, we first estimated the pressure change coming from the surface tension and that coming from the volume change of the bubble by following the method in Ref. 24. For an oscillation with a maximum amplitude of ε , we have = ε P 0 2 (S2)
Where is the pressure change coming from volume change, is the pressure change coming from surface tension. γ~70 mN/m is the surface tension, is the length of the bubble and is the inner radius of the tube.
For a simple harmonic oscillator, the resonant frequency is
It is safe to assume that the resonant frequency of the bubble is proportional to √ + .
Therefore, we can introduce the surface tension term into equation (S1) by a multiplicative factor M = √ + = √1 + 4 0 2 .
Measurement of the acoustic pressure
The acoustofluidic chamber (without the coverslip) was immersed in a container filled with DI water. Then a hydrophone was placed above the chamber (13 mm away from the bottom of the chamber) to measure the acoustic pressure at various frequencies and applied voltages. The measured acoustic pressure value was converted to the acoustic pressure in the chamber by considering the acoustic attenuation in water = (S4) = 1.5 × 10 −4 / Here and are the acoustic pressure at the measurement position and in the chamber, respectively, and is the acoustic attenuation coefficient.
It is worth noting that the actual acoustic pressure in the fluidic chamber during our experiments could be larger than the measured value because of reflection from the coverslip. In order to minimize this resonance effect, we designed the height of the chamber to be smaller than one-quarter of the acoustic wavelength ( 4 ⁄ =284 m).
